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D QHZ FXUUHQW FRQWURO VFKHPH 'HDGEHDW FXUUHQW FRQWUROOHU LQ Įȕ UHIHUHQFH IUDPH LV GHVLJQHG LQ 6GRPDLQ XVLQJ GHULYDWLYH
IHHGEDFN WRPDNH WKH DFWXDO FXUUHQW WR WUDFN H[DFWO\ WKH UHIHUHQFH FXUUHQW 7KH FRQWUROOHU JHQHUDWHV Įȕ UHIHUHQFH YROWDJH IRU
LQYHUWHUZLWK ORZHU SRZHU HOHFWURQLF FRPSRQHQWV 7KH LQYHUWHU KDV KLJK TXDOLW\ RXWSXW YROWDJHZKLFK OHDGV WR D KLJK TXDOLW\







3XOVH ZLGWK PRGXODWLRQ 3:0 FRQYHUWHUV DUH WKH FRUH RI JULGFRQQHFWHG 39 GLVWULEXWHG JHQHUDWLRQ 7KH
FRQWUROOHUVWUXFWXUHZLWKDQLQWHUQDOFXUUHQWFRQWUROORRSDQGSHUIRUPDQFHRIWKHFRQYHUWHUHVVHQWLDOO\GHSHQGVRQWKH
TXDOLW\RIWKLVFXUUHQWFRQWUROORRS7KHUHIRUHFXUUHQWFRQWUROORRSRI3:0FRQYHUWHULVRQHRIWKHPRVWLPSRUWDQW
VXEMHFWV RI SRZHU HOHFWURQLFV >@ 3UHGLFWLYH FRQWUROOHUV FDOFXODWH WKH LQYHUWHU YROWDJHV UHTXLUHG WR IRUFH WKH
PHDVXUHGFXUUHQWVWRIROORZWKHUHIHUHQFHFXUUHQW>@,WLVZHOONQRZQWKDWGLJLWDOGHDGEHDWFRQWUROOHUVSURYLGHWKH
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DOVR LW IHDWXUH D KLJK PRGXODULW\ GHJUHH EHFDXVH HDFK SRZHU FHOO FDQ EH VHHQ DV D PRGXOH ZLWK VLPLODU FLUFXLW







*HQHUDOO\FXUUHQWFRQWURO WHFKQLTXHVQHHGWKHUHIHUHQFHFXUUHQWDVDQLQSXW WR WKHFRQWURODOJRULWKP7KHQ WKH
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7RFDQFHORXW WKHGHOD\ WLPHEHWZHHQ WKH UHIHUHQFHYDOXHDQG WKHFRQWUROOHGYDULDEOH LW LVSURSRVHG WR VHW WKH
FRQVWDQW&HTXDOVWR,QWKLVFDVHWKHDFWXDOFXUUHQWZLOOWUDFNH[DFWO\WKHUHIHUHQFHFXUUHQWZKLFKLVWKHPDLQ
FRQWULEXWLRQ RI WKLV SDSHU ,W LV ZHOO NQRZQ WKDW WKH DFWXDO FXUUHQWV LQ VXFK V\VWHP DUH QRW SXUHO\ VLQXVRLGDO
ZDYHIRUPV GXH WR VZLWFKLQJ DFWLRQ 6R WR DYRLG WKH GLIIHUHQWLDWLRQ SUREOHP RI WKH DFWXDO FXUUHQWV WKH IROORZLQJ
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
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,W FDQEHQRWHG WKDWஒLQ(T  DSSHDUV LQ WKH HTXDWLRQRI஑DQGYLFHYHUVD VR HT  LQWURGXFHV WZRFURVV
FRXSOLQJ FRPSRQHQW IRU WKH FXUUHQW HTXDWLRQV LQȽȾUHIHUHQFH IUDPHZKLFK LV DQRWKHU FRQWULEXWLRQ LQ WKLV SDSHU
1RUPDOO\WKHFURVVFRXSOLQJFRPSRQHQWVDSSHDULQWKHUHIHUHQFHIUDPHLQPRVWOLWHUDWXUHV8VLQJWKHEORFN
GLDJUDP LQ )LJ FDQ EH UHGUDZQ E\ WKH EORFN GLDJUDP VKRZQ LQ )LJ ,W FDQ EH QRWHG WKDWȽȾUHIHUHQFH JULG











DQG VLQJOH GF LQSXW YROWDJH 7KH EDVLF DX[LOLDU\ FHOO RI WKH SURSRVHG LQYHUWHU LQFOXGHV WZR VZLWFKHV DUH DOZD\V
RSHUDWLQJLQDFRPSOHPHQWDU\PRGHDQGVLQJOHLQSXWGFYROWDJHWRJHQHUDWHWZROHYHOVRXWSXWYROWDJHZDYHIRUP
DQGLWVLQSXWGFVRXUFH7KHUHIRUHWKHDX[LOLDU\FHOOJLYHV଴ ൌ ͲZKHQWKHVZLWFK6LV21DQGLWJLYHVLWVLQSXW
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OHYHOV XVLQJ WZR DX[LOLDU\ FHOOV ZLWK WKH PDLQ FHOO 7KH VSDFH YHFWRU PRGXODWLRQ 690 LV HPSOR\HG IRU WKLV
WRSRORJ\WRJHQHUDWHDFRXWSXWYROWDJHVDWLWVWHUPLQDOV*HQHUDOO\HYHU\VZLWFKLQJVWDWHFUHDWHVVSHFLILFWKUHHSKDVH
YROWDJHVୟ୒ୠ୒DQGୡ୒ZLWKUHVSHFWWRWKHQHXWUDORIWKHGFEXVYROWDJHZKLFKFDQEHGHILQHGE\HTXDWLRQ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7KHGHWDLO DQDO\VH LV SURYLGHG LQ >@7KH LQYHUWHU OLQHWROLQH UHIHUHQFHYROWDJH FDQEH VDPSOHG DW WKH UDWHRI
VZLWFKLQJ IUHTXHQF\ୱ WKH VDPSOLQJ LQWHUYDOୱ ൌ ͳȀୱH[WHQGVRYHU WKUHH VXEF\FOHVଵǡ ଶǡ ଷ7KHUHIRUH LW LV
DSSUR[LPDWHGE\ WKH DYDLODEOH YROWDJH VSDFH YHFWRUVJHQHUDWHG IURPHTXDWLRQ ZKHUHGXULQJ HDFKPRGXODWLRQ
















7KH SKDVH JULG YROWDJH DQG LQMHFWHG FXUUHQWV KDYH EHHQ VHQVHG WR JHQHUDWH YROWDJHV DQG FXUUHQWV LQ DE
UHIHUHQFHIUDPHWKDWVHQWWRWKHFRQWUROOHU7KHFRQWUROOHUXVHDEUHIHUHQFHVLJQDOWRJHQHUDWHYROWDJHVUHTXLUHGIRU
0/&WRLQMHFWWKHUHTXLUHGJULGFXUUHQWWKDWWUDFNVWKHUHIHUHQFHFXUUHQWV7KHVLPXODWHGV\VWHPSDUDPHWHUVDUHILOWHU
LQGXFWDQFH LVP+VZLWFKLQJIUHTXHQF\RI0/& LVN+] VDPSOLQJ WLPH7 LVPVJULGYROWDJHIUHTXHQF\DUH
9+])LJXUHVKRZV WKHFRQWUROOHURXWSXWDEYROWDJHVLJQDOV UHTXLUHGIRU0/&WRJHQHUDWH LWVYROWDJHV
7KHVHVLJQDOVDVVKRZQDUHHTXDOLQPDJQLWXGHDQGSKDVHVKLIW'XULQJVWHSFKDQJHDWVHFLWFDQEHQRWH
WKDWWKHVHVLJQDOVUHDFKVWHDG\VWDWHYHU\IDVW$VVWLSXODWHGEHIRUHWKH0/&VZLWFKHVVLJQDOVDUHJHQHUDWHGEDVHGRQ
VSDFH YHFWRU PRGXODWLRQ WHFKQLTXH %\ XVLQJ WKHVHDE YROWDJH VLJQDOV VXLWDEOH0/& SKDVH YROWDJHV FDQ EH
 Yousry Atia et al. /  Energy Procedia  100 ( 2016 )  237 – 242 241
JHQHUDWHGDVVKRZQLQ)LJ)LJXUHVKRZVWKHJULGSKDVHYROWDJHୟ୒IRU0/&ZLWKOHYHOV7KHVHYROWDJH























GHDGEHDW FXUUHQW FRQWUROOHU7KH FRQWUROOHU LV GHVLJQHG LQ Įȕ UHIHUHQFH IUDPH DQG WKH SDSHU LQWURGXFHV WZR FURVV
FRXSOLQJ FRPSRQHQW IRU WKH FXUUHQW HTXDWLRQV LQȽȾUHIHUHQFH IUDPH WRPLQLPL]H FXUUHQW HUURUV7KH FRQWUROOHU LV
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